Infection with these organisms is reported to have increased during the era of antibiotics (Finland, 1960; Watt and Okubadejo, 1967) . Following the successful control of infection with Ps. aeruginosa, other Gram-negative bacilli have been a commoner cause than Ps. aeruginosa of septicaemia and death in severely burned patients (Cason and Lowbury, 1968) .
Ps. aeruginosa forms a homogeneous and easily identified 'cluster' of bacteria (Liston, Wiebe, and Colwell, 1963) and Proteus can be subdivided by a Received for publication 5 August 1969. 634 few simple tests into species, but the identification of other Gram-negative bacilli requires more elaborate study and the conclusions are sometimes uncertain. For this reason strains isolated on routine examination of burn or wound flora have commonly been grouped together as 'coliform bacilli'.
We report here the identification and antibiotic sensitivity patterns of a series of Gram-negative bacilli isolated from burns of patients in the hospital over a period of two years; this series includes strains ofProteus spp but not ofPs. aeruginosa, the incidence of which in the same period, under various conditions of treatment, has been reported elsewhere (Cason, Jackson, Lowbury, and Ricketts, 1966; Lowbury and Jackson, 1968) . We include, however, a note on the types of Ps. aeruginosa present in the burns wards during the period of study, since a large number of these but not of other Gram-negative bacilli were typed, allowing some discussion on the probable sources and routes of transfer of Ps. aeruginosa.
Gram-negative bacilli in burns
Swabs moistened with peptone water were used for sampling, and samples were taken on admission, at all changes of dressings and operations, and daily from burns treated by the exposure method.
METHODS OF ISOLATION Swabs were inoculated on horse blood agar made with infusion broth, containing concentrated (4%) New Zealand agar to prevent swarming of Proteus, also on improved cetrimide agar (Brown and Lowbury, 1965) , and into Robertson's cooked meat medium. After overnight incubation at 37°C, the blood agar plates were examined for aerobic growth and one colony of every colonial form was picked for confirmatory tests and for morphological examination of a Gramstained film; a similar examination was made of subcultures from cooked meat medium to blood agar.
A rough sorting of Gram-negative bacilli was made by examining blood agar and cetrimide agar plates under ultraviolet irradiation for growth and fluorescence (Lowbury, Lilly, and Wilkins, 1962) and by tests for oxidase production ); fluorescent, oxidaseproducing growth was further examined for characters of Ps. aeruginosa (Brown and Lowbury, 1965) . Urease tests were made for presumptive recognition of Proteus spp. One isolate of every colony form of Gram-negative bacilli from each patient per week was selected for further examination to determine the species of Proteus and, when possible, the genus or the genus and species of other types of Gram-negative bacilli.
METHODS OF IDENTIFICATION Colonies of Gram-negative bacilli picked from blood agar plates were subcultured to a second blood agar plate and to a spot-plate of cetrimide agar. Strains which failed to grow at 37'C or to give yellow-green fluorescence on cetrimide agar and which gave a negative oxidase reaction, that is, those which were not classed as Ps. aeruginosa or presumptive Ps. aeruginosa, were examined, in subcultures from colonies on blood agar, by the methods and identified according to the criteria described by Steel (1961, 1965) ; similar tests were used for oxidase-producing strains which failed to grow on cetrimide agar or to produce pigments typical of Ps. aeruginosa. Tests were made for the following characters: (1) urease production in six hours on Christensen's medium; (2) phenyl alanine deaminase (PPA) and malonate utilization, using the combined malonate-phenyl alanine medium of Shaw and Clarke (1955) ; (3) gelatinase production, using gelatin-charcoal discs (Oxoid) incubated for seven to 10 days (Kohn, 1953) ; (4) H2S production by lead acetate papers over peptone water cultures examined after 48 hours; (5) indole production by the use of ether and Ehrlich's reagent; (6) fermentation of glucose, mannite, maltose, dulcitol, and sucrose in two to three days; (7) oxidation-fermentation test ; (8) gluconate oxidation (Shaw and Clarke, 1955) ; (9) citrate utilization (Koser's and Simmons' methods); (10) motility, by hanging drop and by stab inoculation in semi-solid agar; (11) methyl red and Voges-Proskauer reactions (Barritt's method) after two to three days' incubation at 37°C; (12) growth in KCN broth (Rogers and Taylor, 1961) ; (13) nitrate reduction in four to seven days; and (14) arginine, lysine, and ornithine decarboxylase tests (M0ller, 1955) .
A composite table, based largely on the tables of Steel (1961, 1965) , was used for identification of strains. Those classified as Proteus spp (including Providencia or Proteus inconstans) because they gave a strong urease reaction on Christensen's medium in six hours were allocated to species on the basis of findings in tests I to 6.
ANTIBIOTIC SENSITIVITY TESTS Strains were tested by a ditch plate diffusion method that has been used in this Unit for many years (Topley, Lowbury, and Hurst, 1951) , with a sensitive control organism (Staph. aureus, Oxford strain) on each plate; in tests with nalidixic acid a sensitive strain of E. coli was used as the control. Sensitivity to ampicillin, carbenicillin, cephaloridine, streptomycin, kanamycin, gentamicin, tetracycline, chloramphenicol, nalidixic acid, sulphadiazine, and trimethoprim was tested by this method. Ampicillin, carbenicillin, and sulphadiazine were included in the agar of the ditch at 100,ug per ml, trimethoprim lactate at 10,tg per ml (prepared with a solution heated to 600 to 70°C), and the other agents at 50jug per ml. A loopful of overnight broth culture was streaked across the plate at right angles to the ditch; the culture was undiluted except in tests with sulphadiazine and trimethoprim, for which a 1 in 250 dilution was used. Ditch plates were examined after 18 hours' incubation at 37°C and the result was assessed as 'sensitive' (zone of inhibition similar to that of control), 'moderately sensitive' (reduced zone of inhibition), and 'resistant' (growth up to or across the ditch).
To assess the significance of these tests and adjust antibiotic concentration in the ditch where necessary, a selection of strains of each identified type and of some unidentified species were tested for sensitivity to these agents also by a tube dilution method (or, in the case of sulphadiazine and of trimethoprim, by a plate dilution method), with an inoculum in the tube dilution test of one drop of a 1 in 1,000 dilution and in the plate dilution test of a small loopful of 1 in 250 dilution of an overnight broth culture.
Because of the unsuitability of diffusion tests for sensitivity to polymyxin (Bushby, 1955) , strains were tested for sensitivity to this antibiotic by a plate dilution test. The same method was used for tests of a proportion of the strains with sulfamylon (p. amino methyl benzene sulphonamide hydrochloride). The 'sensitivity' was assessed in relation to possible value in therapy for infections of soft tissues by antibiotics given orally or parenterally.
With the exception of trimethoprim and sulphadiazine, antibacterial agents were added to nutrient agar for plate dilution tests and to peptone water agar for ditch plate tests. Trimethoprim and sulphadiazine hydrochloride were added, for these tests, to lysed blood agar with infusion broth.
Some strains were tested for penicillinase production, using benzyl penicillin, ampicillin, and carbenicillin as substrates; 2 ml amounts of 24-hour broth cultures were incubated at 37°C with 1 ml of an aqueous solution of Brenda Davis, H. A. Lilly, and E. J. L. Lowbuiy Gram-negative bacilli in burns than in the collective results shown in Table III . A larger proportion of strains was sensitive to kanamycin, nalidixic acid, trimethoprim, and gentamicin than to the other agents; the lowest proportion of sensitive results was obtained with ampicillin. Different species varied considerably in their sensitivity patterns; eg, the majority of P. mirabilis were sensitive to cephaloridine, but the majority of P. morganii were resistant to this agent. Sensitivity to tetracycline was found in 50% of E. coli strains, but in only 4% of the strains of Enterobacter aerogenes.
Cultures (Table VIII) .
Self infection has been considered by some to be an important source of Ps. aeruginosa infection of burns (Sachs and Watson, 1969) , but the relative rarity of Ps. aeruginosa in the faeces of normal subjects (eg, Lowbury and Fox, 1954; Shooter, Walker, Williams, Horgan, Parker, Asheshov, and Bullimore, 1966) makes it seem more likely that infections are usually acquired from external sources. This view was supported by typing of Ps. aeruginosa in the Burns Unit (see also Lowbury and Fox, 1954) , which showed that new infections were almost always due to types that had recently been isolated from other patients in the Unit, more often from patients in the same ward ' Table IX) . Of the strains which were not found in other patients before they were first detected in a burn, some may have been missed, because not all isolates of Ps. aeruginosa were typed. The data strongly support the view that cross infection is the usual mode of infection with Ps. aeruginosa in burns.
DISCUSSION
The proportions of different genera and species of aerobic Gram-negative bacilli isolated from burns were different from those normally found in the faeces. While the latter include a large preponderance of E. coli, the largest proportion of strains TABLE VII sources (Gould, 1968 The antibiotic sensitivity patterns of the strains isolated from burns support the view that a large A=ampicillin, Ca=carbenicillin, Ce cephaloridine, Ch=chlor-r amphicol, G-gentamicin, K kanamycin, N -nalidixic acid, T= proporlon of these organisms is acquired in hostetracycline pital. As in secondary urinary tract infection (Gould, 1968) , a high proportion of E. coli isolated from Gram-negative bacilli in burns Cunliffe, and Gower (1957) . A large proportion of strains of E. coli acquired by infants today have been shown to possess transferable antibiotic resistance (Moorhouse, 1969; Datta, 1969) . It seems likely that many of the resistant strains found in our series were brought in by patients and had transferable resistance. Many burns become colonized by several different species of Gram-negative bacilli, which would provide opportunities for resistance to be transferred and to increase even when antibiotics are not used. It seems a likely cause for the high incidence of ampicillin-resistant Proteus mirabilis, most strains of which were distinct from each other by the Dienes reaction.
In the absence of data on typing of strains within species it is hard to assess the importance of different sources and routes of infection with Gram-negative bacilli. It was, however, possible to form an opinion on sources of infection with Ps. aeruginosa from the result of serological and phage typing. Most patients became infected with types previously found in other patients in the Unit, and especially in the same ward. Since Ps. aeruginosa is usually found to be a relatively rare member of the faecal flora of normal subjects, cross infection must be regarded as a much more important route of transfer with these organisms than self infection.
Tests with sulfamylon hydrochloride confirmed the activity of this agent, at the high concentrations (10%) used for local prophylaxis, against a series of strains of Gram-negative bacilli from burns. Some strains, however, were inhibited only by concentrations as high as 2 %; the margin between the MIC and the concentration of antibacterial agent applied with success to burns is usually much greater. Some tests for synergy through combined action of sulfamylon with trimethoprim were made, because of the known synergy between sulphonamides and trimethoprim (Bushby and Hitchings, 1968) . There appeared to be no synergic action against strains sensitive to trimethoprim, but appreciable synergy was found against some strains showing moderate resistance to trimethoprim, including Ps. aeruginosa and Enterobacter spp. In view of the known synergy of sulphadiazine with trimethoprim, the use of this combination for prophylaxis and therapy of Gramnegative bacillary infection in burns deserves study. Another combination which has been reported to have a valuable prophylactic effect is that of silver nitrate with sulphadiazine . Studies are in progress to determine, by controlled trial, the local chemoprophylactic effect of silver-sulphadiazine, silver nitrate-trimethoprim, and sulphadiazinetrimethoprim applications on burns.
We are grateful to Dr M. T. Parker and Mrs E. Asheshov of the Central Public Health Laboratory for the typing of many strains of Ps. aeruginosa. a low production of pigment on normal media, according to all the other biochemical tests showed them to be normal P. aeruginosa strains; this was confirmed by the results of the growth on the milk agar, both hydrolysis of the casein and pigment production being observed. In the case of the other two strains, 950 and 5940, the position was not so straightforward. Neither produced pigment on any of the solid media. including the milk agar. They did, however, show some signs of hydrolysis of the casein, and this increased on incubation for a further 48 hours, but no pigment was demonstrable. The results of the biochemical tests likewise showed that these two strains did not conform precisely to the P. aeruginosa or the P. fluorescens patterns, but in fact have some characters common to both, and these can be regarded as intermediate fluorescens/aeruginosa types. This is supported by the results of the milk agar media previously discussed. Indeed, in view of the recently demonstrated high transformation frequency within the genus Pseudomonas (Khan and Sen, 1967) In 'S': 6-1 %; R: 63-1 %.
